Background: Adverse obstetric outcomes are correlated with altered circulating hormone levels at the time implantation by the trophectoderm. What' more, embryo freezing process may also have adverse effect on perinatal outcomes. This study aims to evaluate whether increasing interval time between a freeze-all cycle and a subsequent frozen-thawed single blastocyst transfer could have any effect on pregnancy and perinatal outcomes.
Background
Since the first baby with frozen-thawed embryo transferred (FET) was born in 1983, the embryo cryopreservation technology has progressively increased [1] . As is well-known, its widespread application is due to multi-follicular stimulation which may enable excessive number of oocytes to be obtained and eventually increase the cumulative live birth rate [2, 3] . With the increased safety and efficacy of embryo cryopreservation technology, the concept of freeze-all strategy has evolved due to reduce the risk of ovarian hyperstimulation syndrome (OHSS) and improve endometrial environment [4] [5] [6] [7] . During the process of in-vitro fertilization (IVF), controlled ovarian hyperstimulation (COH) is a double-edged sword. COH can increase the number of oocytes to be retrieved and enhance cumulative pregnancy rate, but at the same time leads to supraphysiological hormone levels. Embryo implantation and subsequent placental growth and maintenance is correlated with altered circulating hormone levels at the time implantation by the trophectoderm [8] . It affected not only the endometrial receptivity and early implantation but also on placentation and subsequent fetal growth [9] [10] [11] [12] . Some studies clearly demonstrated that the increased risk of developing disorders related to abnormal placentation in patients with elevated estradiol (E 2 ) levels and suggested that ovarian hyperstimulation may change angiogenesis of the endometrium [8, 10, 13, 14] . Although the detrimental effect of supraphysiological hormone levels on pregnancy and perinatal outcomes seems clear, our concerns are how long it takes for the endometrium after COH return to prestimulation functionality and whether supraphysiological hormone levels could have negative effect on a subsequent treatment so that FET need to be postponed in an attempt. Meanwhile, embryo freezing process may also have adverse effect on perinatal outcomes [15, 16] . Therefore, we performed this study to evaluate whether increasing interval time between a freeze-all cycle and a subsequent FET could have any effect on pregnancy and perinatal outcomes.
Methods

Study population and design
We conducted a retrospective cohort study including all patients (≤40 years old) who underwent a freeze-all IVF or intracytoplasmic sperm injection (ICSI) cycle and subsequent first single blastocyst transfer in artificially cycles at the Reproductive Medical Center of Tongji hospital between January 1 st , 2016 and September 30 th , 2018. Only the outcomes of the first FET cycles performed after a freeze-all IVF or ICSI cycle with GnRH agonists or antagonists were assessed. The indications for a freeze-all cycle are as following: high progesterone concentration (> 1.5 ng/ml), prevention of OHSS (the number of oocytes retrieved > 20 or high estradiol concentration > 7000 pg/ml), hydrosalpinx (diameter > 3 cm), inappropriate endometrium environment. Exclusion criteria were: 1) blastocyst biopsy for preimplantation genetic diagnosis (PGD) or preimplantation genetic screening (PGS); 2) multiple COH cycle before FET; 3) frozen or donated oocytes; 4) patients with hypertension, diabetes mellitus, abnormal glucose tolerance or insulin resistance; 5) use GnRH agonist during frozen-thawed cycle. 6) uterine malformation.
Protocol of COH during freeze-all cycles
Conventional IVF or ICSI was conducted for all patients. The protocol of COH was determined individually combination with GnRH agonists or antagonists. Serial vaginal ultrasonography was used to observe ovarian response. When two leading follicles reached mean diameter ≥ 18 mm, HCG (10,000 IU, EMD Serono) was then used to trigger ovulation. On the day of HCG injection, serum concentrations of E 2 and progesterone were measured using an Immulite Automated Analyzer System (ECL2012, Siemens, Germany). Oocytes were obtained transvaginally 34-36 h after HCG injection [17] .
Embryo culture, vitrification and warming
In IVF cycles, every oocyte was inseminated with 10,000 motile spermatozoa after 4 h oocytes retrieval. However, patients with severe oligospermia or difficult fertilization received ICSI. Then, fertilized oocytes were continuously cultured in G1 medium for 2 more days. All of the embryos from IVF or ICSI were checked on the morning of day 3 after oocyte retrieval (approximately 69 h after initial insemination) [18] . No embryo was transferred in fresh cycle. All available embryos were cryopreserved for subsequent frozen-thawed cycles and cryopreserved by vitrification [19] . Embryos vitrification were using the Cryotop device and commercially available vitrification solutions (Kitazato, Japan) and full-to-expanded blastocysts on day 5 or 7 during embryo culture. The best one blastocyst was warmed on the day of embryo transfer. During the warming procedure, vitrified embryos were warmed to 37°C using a vitrification-warming kit. Warmed blastocyst was then cultured for at least 2 h prior to further evaluation [18] .
Endometrial preparation and embryos transfer
FET cycles for endometrium preparation was an artificially supplemented cycle monitored by vaginal ultrasonography. Estradiol valerate (Progynova, Germany) was administered orally at a dose of 2 mg twice daily from day 2 to day 10 of the menstrual cycle until the endometrium thickness exceeded 7 mm, and then 40 mg of progesterone intramuscularly and 20 mg of progesterone orally was given daily. Embryos transfer was performed according to the protocol described above except for the day of transfer. Only one blastocyst was transferred.
Definition of time interval
The time interval between a freeze-all cycle and the first FET cycle depended on the time interval between oocyte retrieval and the day of first frozen-thawed blastocyst transferred. As shown in Fig. 1 , we divided all patients into two groups: Group 1, ≤40 days after oocyte retrieval; Group 2, more than 40 days after oocyte retrieval. This cutoff was devised by adding the interval between menstrual cycle (28-35 days) and an extra interval for embryo culture (5-6 days) and finally we chose 40 days as a cutoff value. If the patients were assigned to the Group 1, they had an immediate FET. Otherwise, they had a delayed FET in the Group 2.
Main outcome measure and statistical analysis
Basic demographic characteristics were compared between the two groups with the use of Mann-Whitney (for continuous variables) and chi square tests or Fisher exact tests (for categoric variables). Except for basic demographic characteristics, the rates of clinical pregnancy, biochemical pregnancy, live birth and pregnancy loss were also included in the pregnancy outcomes. A multiple logistic regression analysis was performed to compare the association between the two groups.
For the patients with singleton live birth, perinatal outcomes were the main outcomes of our study which included gestational age, birth weight, fetus gender, preterm birth (< 37 weeks), gestational hypertension, gestational diabetes mellitus (GDM), placenta previa, fetal malformation, macrosomia (≥4000 g) and low birthweight (< 2500 g). A multiple logistic regression analysis was also used to compare correlations.
Results
A total of 1025 FET cycles performed following a freeze-all IVF or ICSI cycle were included in the analysis. All patients were divided into two groups: Group 1 with 207 FET cycles; Group 2 with 818 FET cycles. The majority of FET cycles were initiated after more than a menstrual cycle (79.8%).
Patients general characteristics in freeze-all cycles
Patients general characteristics in freeze-all cycles between two groups were showed in Table 1 . No significant differences were found between the two groups with regard to BMI, baseline FSH, AFC, infertility years, gonadotropins dose and number of oocytes retrieved. What' more, the rates of patients with > 20 oocytes retrieved and progesterone > 1.5 ng/ml were also comparable in the two groups. However, age, infertility diagnosis, method of fertilization, duration of stimulation, protocol for COH, E 2 and progesterone levels, and endometrial thickness were all significantly different between the two groups. When accounting for the indication for IVF/ICSI, there were no significant differences between the two groups with regard to the rates of pelvic and tubal factor, endometriosis and PCOS. The rate of male infertility factor was significantly higher in the Group 2.
Relationship between time interval and FET pregnancy outcomes
Patients baseline characteristics and pregnancy outcomes regarding the FET cycles were reported in Table 2 . For the baseline characteristics, only age and method of fertilization were significantly different between the two groups. For the pregnancy outcomes, no significant differences were reported between the two groups regarding the rates of Fig. 1 The design of study. Note: The FET cycles were divided into two group: Group 1 (immediate FET cycles) and Group 2 (delayed FET cycles) clinical pregnancy, biochemical pregnancy, live birth and pregnancy loss. Therefore, in order to eliminate the influence of baseline characteristics on the pregnancy outcomes, we performed a separate multiple logistic regression model for each pregnancy outcome by adjusting for age, BMI, endometrial thickness, ICSI, male infertility, endometriosis, PCOS, protocol for COH, > 20 oocytes retrieved and progesterone > 1.5 ng/ml (Table 3) . No association was found between the two groups in the rates of clinical pregnancy, biochemical pregnancy, live birth and pregnancy loss.
Relationship between time interval and FET perinatal outcomes
Of all 1025 cycles in our study, there were 507 FET cycles with live birth. As shown in Fig. 2 , three patients with twin live births were excluded in the Group 1, and two patients with twin live births and one patient without perinatal outcome were excluded in the Group 2. Finally, 501 FET cycles with singleton live birth were included in the analysis. Further details regarding the patients with singleton live birth were presented in Table 4 . Except for the rate of male infertility factor, BMI, endometrial thickness and others indications for IVF/ICSI did not differ significantly between the two groups. However, age and method of fertilization were significantly different. When accounting for perinatal outcomes, no significant differences were found regarding gestational age, birth weight, delivery mode, fetus gender. The incidence of preterm birth (< 37 weeks), gestational hypertension, GDM, placenta previa, fetal malformation and low birthweight (< 2500 g) were also comparable between the two groups. Only the incidence of macrosomia (≥4000 g) was significantly higher in the Group 2 compared with the Group 1 (3.0% in Group 1 versus 10.5% in Group 2). To further clarify the association between time interval and perinatal outcomes, as shown in Table 5 , the incidence of caesarean delivery, male fetus, preterm birth, gestational hypertension, GDM, placenta previa, fetal malformation and low birthweight did not vary significantly between the two groups, even after using a multiple logistic regression model. Only the incidence of macrosomia was more frequently in the Group 2 compared with the Group 1 (AOR 3.886, 95%CI 1.153-13.103, P = 0.029).
Discussion
In this study, we analyzed 1025 FET cycles for single blastocyst transfer following freeze-all cycles and revealed that immediate FET cycles for blastocyst transfer following freeze-all cycles may result in pregnancy outcomes comparable to delayed FET cycles. However, postponement of FET cycles may increase the risk of macrosomia. To our knowledge, a successful pregnancy depends on a complex process involving interactions between the endometrium and embryos [20] . With the popularity of freeze-all strategy, embryos are transferred into a more physiological intrauterine environment, which avoids asynchrony between endometrium receptivity and embryos development caused by supraphysiological hormonal levels during COH [7, 21] . The supraphysiological endocrine uterine environment and suboptimal endometrial development may lead to abnormal obstetric outcomes [8, 10, 11] . Meanwhile, from previous studies, fresh cycle may be associated with adverse perinatal outcomes compared with FET cycles, such as: perinatal mortality, low birthweight, preterm birth and so on [22, 23] . A meta-analysis included 13 cohort studies with 126,911 women also found singleton pregnancy after FET may have a better perinatal outcome compared with that after fresh cycles [24] . On the other hand, this strategy could significantly decrease the risk of OHSS. Jarvela et al. [10] also compared the serum progesterone and E 2 levels in three groups (spontaneous pregnancies, fresh embryo transfer and FET) and found the serum progesterone and E 2 levels were significantly higher in patients with fresh embryo transfer which negatively correlated with birthweight of the newborn. However, other studies supported that FET cycles could lead to cryo-injury which may influence the genetic potential of embryos and blastomeres. Degenerated blastomeres may influence the embryos implantation [25] . Therefore, the duration of supraphysiological hormonal levels and embryo freezing time on subsequent outcomes deserved our attention and enhance physician treatment confidence who hesitated whether start FET cycle immediately. Postponement of FET cycles may be not only related to increase patients stress who eager to conceive as soon as possible, but also treatment burden. Maas et al. [26] found immediate FET cycles could result in higher pregnancy rates compared with delayed FET cycles. However, Ernest et al. [27] found high serum E 2 concentrations in fresh IVF cycles may adversely affect implantation and pregnancy rates, but it did not affect subsequently implantation and pregnancy rates in FET cycles. Santos et al. [1] conducted a retrospective cohort study including 1183 first FET cycles. They found FET cycles performed immediately after a failed fresh embryo transfer had similar clinical pregnancy rate to those postponed to a later time which supported deferring FET may not improve pregnancy outcomes. Soon afterwards, they focused on patients with freeze-all strategy and also found immediately FET cycles after freeze-all strategy appeared to result in similar clinical pregnancy rates comparable to FET cycles deferred to a later time [28] . With the popularity of single blastocyst transfer, it could significantly decrease the risk of multiple pregnancies. From our study, we paid attention to the freeze-all cycles and subsequent single blastocyst transfer in artificially cycles which could reduce the effect of multiple embryo transfer and embryo transfer type on eventually outcomes. We found immediately FET may not increase the risk of abnormal pregnancy outcomes compared with delayed FET cycles which supported Santos' viewpoint. However, their study did not focus on the potential carryover effect on perinatal outcomes, such as preterm birth, birth weight and so on. Therefore, we performed this study to further explore the effect of interval time after freeze-all cycles on perinatal outcomes and ensure the security of shortening FET intervals time.
Both the unadjusted and adjusted analyses showed that delayed FET may increase the risk of macrosomia without increased any other risks in perinatal outcomes when compared with immediate FET cycles. Some studies supported that abnormally high E 2 levels could inhibit the normal trophoblastic invasion of the decidual and myometrial spiral arteries which may cause abnormal placentation and subsequent abnormal pregnancy outcomes [10, 13, 14, 29, 30] . What' more, supraphysiological hormone may directly affect the peri-implantation embryo and implantation process by modulating the differentiation and invasive activity of the trophoblast cells [8] . From our study, it suggested that supraphysiological hormone levels during COH did not affect the outcomes of subsequent FET cycles after a menstrual cycle, but extended freezing time may increase the risk of macrosomia. A cumulative meta-analysis suggested that the increased risk of large for gestational age (LGA) and high birth weight was associated with frozen embryos [31] . Other studies also supported that FET singletons were at an increased risk of being born LGA and of being macrosomia [32, 33] . As we all know, frozen-thawed procedures could lead to cryoinjury. Capodanno et al. [25] supported that cryo-injury could influence the genetic potential of embryos and blastomeres. Therefore, we suspected whether delayed FET cycles may increase embryo freezing and in vitro time which eventually increased the risk of macrosomia. However, the number of singletons with macrosomia was small, so further research will be needed to elucidate it. Although our present study was derived from a large sample size in freeze-all cycles and accounted for potentially confounding factors between the two groups, there still had certain limitations included the following: First, it used a retrospective and single-center study that increased the likelihood of bias. A prospective randomized controlled study could decrease selection bias. Second, the abnormal perinatal outcomes rate was calculated only including patients without abnormal complications and young age (≤40 years old) before ART which may decrease the risk of abnormal perinatal outcomes. Third, we only focused on patients with freeze-all cycles and the results were unable to account for all patients with IVF. Finally, some potential confounders were missing, such as smoking, abnormal pregnancy history and gestational weight gain, and so on. However, our studies adopted a new approach to divided patients into two group according to the interval time between oocyte retrieved and the day of first frozen-thawed blastocyst transferred which could more truly reflect the time of embryo in vitro and offer a more accurate evidence for infertility patients seeking for their next FET cycles. What' more, we only included data from patients with single blastocyst transfer. It could decrease the impact of confounding factors and provide a critical evidence to elucidate the impact of FET time intervals after freeze-all cycles on subsequent pregnancy and perinatal outcomes.
Conclusions
Our study clearly verified that delayed FET cycles for blastocyst transfer following freeze-all cycles may not improve the pregnancy outcomes. On the contrary, postponement of FET cycles may increase the risk of macrosomia. Therefore, we suggested FET cycles for blastocyst transfer should be done immediately to avoid adverse effects of delayed time on perinatal outcomes. Note: Each perinatal outcome between the two groups was adjusted for age, BMI endometrial thickness, ICSI male infertility, endometriosis, PCOS protocol of COH, > 20 oocytes retrieved and progesterone > 1.5 ng/ml based on a multiple logistic regression model. OR odd ratio, AOR adjusted odd ratio GDM gestational diabetes mellitus *, P<0.05
